Since Straub's observation that an osmotic pressure difference of two atmospheres was maintained between the yolk and white of the hen's egg by the apparent application of metabolic energy, considerable doubt has been cast upon the actual existence of such a difference by those who have found that the osmotic pressure of the yolk and the white is the same. Although it has been admitted that there has been a considerable amount of striking evidence in support of Straub's findings, the claim has been made that while the experimental technique employed in obtaining these data might be applied to dilute aqueous solutions, it could not be applied to a material such as egg yolk for the purpose of obtaining accurate measurements.
Since Straub's observation that an osmotic pressure difference of two atmospheres was maintained between the yolk and white of the hen's egg by the apparent application of metabolic energy, considerable doubt has been cast upon the actual existence of such a difference by those who have found that the osmotic pressure of the yolk and the white is the same. Although it has been admitted that there has been a considerable amount of striking evidence in support of Straub's findings, the claim has been made that while the experimental technique employed in obtaining these data might be applied to dilute aqueous solutions, it could not be applied to a material such as egg yolk for the purpose of obtaining accurate measurements.
The present paper contains data which were obtained in a critical study of the technique involved in determining the osmotic pressure of egg yolk, of egg white, and of a mixture of these, by the freezing point method. These data could be obtained consistently and are therefore believed to be accurate. Without exception they are in support of Straub's observation that there is a considerable difference in osmotic pressure between the yolk and the white of newly laid eggs. The difference in osmotic pressure between the yolk and the white of newly laid eggs has led to the interesting postulation of a vital activity at the yolk membrane which was believed to maintain this osmotic difference by doing work. Evidence obtained in the present investigation is however in support of the point of view of Smith and Shepherd who found that osmotic equilibrium between the yolk and white is slowly established and that the postulation of a vital activity maintaining a steady state is therefore unnecessary.
A review of similar work which has been done in the past is contained in a recent paper by Howard (2) , who reports results obtained in determining the osmotic relationship in the hen's egg, partly with the use of the freezing point method devised by the writer (3) . From these data Howard concludes that "the postulate of a vital activity at the yolk membrane maintaining an osmotic pressure difference is thus shown to be unnecessary, since a simple osmotic equilibrium exists between the yolk and the white," and that certain previous observations of other investigators who found a difference in osmotic pressure, "were in error due to their failure to recognize that the determination of the true freezing point of egg yolk is beset with technical difficulties."
At the time when the writer devised the freezing point method used by Howard, he employed it in measuring the freezing point of egg yolk and of egg white. The expectation of finding that previously reported freezing point differences between these might be due to experimental errors was however not realized for it was found in the limited number of preliminary determinations ~ which were made that a difference exists. Howard's more recent results with this method, showing that a difference is lacking, have however led the writer to carry out a more complete series of determinations.
Method
During the course of a series of more than one hundred freezing point determinations on egg yolk, on egg white, and on a mixture of these, the following technique was found to give consistent and apparently reliable results.
After the yolk had been separated from the egg white it was moved about on a ½ inch mesh screen grid which had been coated with hard paraffin wax. Considerable amounts of egg white which had remained with the yolk were thus removed by forming a film between the meshes of the screen. Small gelatinous lumps adhering to the yolk were removed with the tip of a pipette to which suction was applied. The yolk was then stirred with a glass rod and after the vitelline membrane had been isolated from it, it was used immediately for a freezing point determination.
The main bulk of the egg white was stirred with a motor-driven stirrer made by attaching a rubber-tipped glass rod to a high speed motor. A smaller amount (10 to 12 ml.) was then placed into a narrower tube (16 to 17 ram. in diameter) and stirred 2 minutes longer. The formation of froth was avoided as much as possible. The fluid thus obtained could be poured drop by drop. It was kept packed in melting ice and used almost at once for a freezing point determination.
When a mixture of white and yolk was required, a 12 ml. portion of approxi-1 Unpublished results.
mately equal parts of egg white and yolk was further stirred at high speed for 2 to 3 minutes in the narrower tube before being used for a freezing point determination.
The eggs were used on the same day on which they were laid. The apparatus used in making the freezing point determinations was the same as that previously described (3) except that the innermost tube, F, containing the charge and the thermometer, was 16 ram. in diameter. Since sufficient amounts of material were available, 8 ml. of fluid were used, instead of 1 ml., in a single determination.
The temperature of the freezing bath was maintained at -1.0 °, and controlled by occasionally dropping in small pieces of dry ice. The part of the apparatus consisting of tubes E and F, containing the experimental material and the thermometer, was cooled to about -t-0.5 ° in melting ice before it was placed into the tube D of the apparatus. It was then further cooled by periodically sucking the liquid from the tube D into the tube E until the temperature of the experimental fluid was about 0.1 ° above that of the anticipated freezing point. Further cooling was then allowed to take place without bringing the liquid in D in contact with the tube containing the experimental fluid. The experimental fluid was stirred by moving the thermometer H, up and down, at the same time giving it a rotating motion along the wall of its container.
When the egg yolk had been supercooled 0.10-0.15 ° it was seeded six to eight times in the course of 2 minutes and well stirred after each seeding. Stirring was continued intermittently for 6 minutes from the time of the initial seeding. Temperature readings were then taken at I minute intervals for a period of 10 minutes, the thermometer being tapped just before each reading. If a constant temperature plateau was not reached within 4 to 5 minutes after readings were begun (i.e. within 10 to 11 minutes after the initial seeding) the inner tube was again placed in melting ice, until all of the ice in the experimental fluid had melted, and the freezing point determination commenced anew. It was found, when the experimental fluid was not stirred too vigorously and was properly seeded, that readings at equilibrium did not decrease more than 0.0005 ° per minute. The earliest readings of the constant temperature plateau were accepted as the true freezing point values.
In the case of egg white or of a mixture of egg white and yolk the fluid was similarly seeded, as above, when it had been supercooled 0.05-0.10 ° below the anticipated freezing point, but stirring was discontinued 3 minutes after the initial seeding. Readings were begun when stirring was discontinued and were taken every minute for a period of 10 minutes. Readings generally dropped to a constant temperature plateau within 3 or 4 minutes. A constant temperature plateau was less readily obtained with egg white than with yolk or with a mixture of egg white and yolk. When a constant temperature plateau was not obtained the material was warmed in melting ice and the freezing point determination begun anew. Readings were made with the use of a reading glass.
O S M O T I C R E L A T I O N S H I P S IN HEN'S EGO

Discussion of Technique
The nature of egg yolk makes prolonged stirring for the purpose of rendering it homogeneous unnecessary. Egg white is, however, so stringy and lumpy that proper seeding and stirring within the apparatus could not take place unless it had been well disintegrated previously. In the case of a mixture of egg white and yolk thorough mixing is also essential as otherwise the white will freeze before a state of osmotic equilibrium between yolk and white has been attained. The failure to properly mix the egg white and yolk was found in the present investigation to give freezing points for the mixture which were near those of the white. A similar circumstance might well be held accountable for results obtained by others in the past when it was found that the freezing point of the mixture was approximately that of the white. Thorough mixing, however, was found to give freezing points for the mixture which were quite distinct from those of either yolk or white. The following is an illustration of this relationship. Freezing point of egg white -0.427 °, of yolk -0.545 °, of a mixture of equal parts -0.461 ° .
The data given in detail in Table I are representative of a successful determination. Although such results were not invariably obtained on a first trial, acceptable results could be readily obtained, so that, after a considerable experience with the technique, the greater percentage of determinations had to be made but once.
Aside from temperature control, proper stirring and uniform seeding are perhaps the most important parts of the technique. Egg yolk is so viscous that superfluous stirring will result in heating local areas above the freezing point. The yolk nearest the thermometer would thus contain no ice crystals while other areas would still be below the freezing point and would contain ice crystals. The distribution of ice crystals throughout the whole mass requires a considerable amount of moderate mixing. Egg white, even after vigorous stirring, m a y on the other hand still be relatively lumpy in comparison with the average aqueous solution. A reasonable amount of stirring at high speed before the material is used as well as thorough mixing in the freezing point apparatus is therefore necessary to prevent the localization of seeded areas. The danger of overheating by stirring need not be taken into account in the case of egg white as in the case of the yolk. The lack of uniform seeding, due to superfluous stirring (in case of the yolk, to insufficient stirring, or to a lumpy material (in case of the white) appears to permit the localization of areas which are super- cooled. Data which are on a constant temperature plateau cannot be obtained under such conditions. An illustration of such an occurrence is shown in Table II . The data were obtained with egg yolk.
The results in the first column of Table III show that a delayed constant temperature plateau, obtained after a prolonged period of temperature fluctuations, represents freezing point values which are not acceptable. The point of equilibrium is much lower than that of the second column. The data of the second column could be reproduced within a few thousandths of a degree as shown by the data of the third column. Data such as those of the last two columns are not as uniform as can be obtained occasionally, but are considered acceptable since they can be readily obtained and do not vary more than 0.0005 ° per minute once a temperature plateau has been reached.
Freezing Point Results
The data of Table IV were obtained with eggs from two separate flocks of white Leghorns. Both were extraordinarily large flocks 
DISCUSSION
The data of Table IV show a constantly pronounced difference between the freezing points of the yolk and the white of the newly laid hen's egg. That this osmotic difference is not maintained but gradually equalizes itself was shown by the results of Smith and Shepherd (4), who not only postulated but found a slow diffusion to take place between the yolk and the white. The slow attainment of OSMOTIC RELATIONSHIPS IN HEN'S EGG a state of osmotic equilibrium between yolk and white, even when these have been mixed, was demonstrated in the present experiments. It was found that a mixture which had been moderately stirred had a freezing point not greatly different from that of the white alone, a fact which would indicate a lack of osmotic equilibrium between the two constituents. After prolonged stirring with a high speed stirrer such a mixture was found to have a freezing point which represented the average which a mixture of yolk and white at equilibrium might be expected to have. While this circumstance does not disprove the existence of a vital force at the vitelline membrane, it demonstrates the difficulty of attaining a state of osmotic equilibrium between yolk and white and at least explains the difficulty which some have had in obtaining a freezing point for the mixture of yolk and white which was different from that of the white alone. As has also been shown by the results obtained by Smith and Shepherd there appears to be no reason why complete osmotic equilibrium between yolk and white should not be attained after a sufficient length of time. The state which exists between the yolk and the white of the newly laid egg therefore does not require the postulation of a vital force for the maintenance of a difference in osmotic pressure, since the evidence is in favor of a slow equalization of the difference in osmotic pressure and a steady state does not appear to exist.
SUMMARY
Data have been given to illustrate the difficulty of obtaining consistent freezing point data with a viscous fluid such as the yolk of the hen's egg and a technique has been described for obtaining reproducible and accurate results consistently. Further freezing point data have been given which were obtained with both fertile and unfertile hen's eggs by the use of a freezing point method previously described by the writer. These data show that there is a pronounced difference between the freezing points of the yolk and the white in contrast to data obtained by the use of the same method by Howard who found the freezing points of the yolk and the white to be the same.
It was shown by freezing point determinations that even in a mixture of yolk and white osmotic equilibrium is slowly arrived at. This again emphasizes the fact established iby Smith and Shepherd that since osmotic equilibrium between yolk and white is slowly arrived at, the postulation of a vital activity at the yolk membrane is unnecessary, since the steady state previously postulated need not be assumed to exist.
